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STIMULATED  RAMAN  SCATTERING  IN  METHANE  WITH  Nd:YAG  PUMP 


I.  INTRODUCTION 

This  report  describf's  rin  experinentdl  investigation  of  the 
practical  feasibility  of  obtainim  rfficient  enercjy  conversion  fron 
1.06ym  to  1.54mPi  via  stinulated  Ranan  scatterinq  in  rethane  in  a 
compact  lightweight  cell.  Ruggedizrd,  portable  Nd:YAG  rangefinders  are 
available  commercially  for  operation  at  l.OGan;  however,  for  some 
applications,  it  would  be  beneficial  to  shift  tfie  wavelength  of 
operation  of  the  rangefinder  to  the  reoion  near  l.Bein.  Previous  work 
has  shown  methane  to  be  an  efficient  Raman  scatterer  that  downconverts 
l.OGuia  to  1.54um  radiation  with  a photon  conversion  efficiency  of 
15  to  22  [1,2, 3, 4],  The  main  thrust  of  this  progra'i  was  therefore 

directed  to  the  study  of  stimulated  Raman  scatterinq  in  methane  in 
simple,  compact  georetries  for  use  inside  or  outside  the  laser  cavity. 
The  study  concentrated  on  three  basic  experimental  layouts:  (1)  the 

methane  gas  cell  located  external  to  the  laser  cavity  with  focusing 
and  recollimating  lenses  on  the  ends,  (2)  a hollow  dielectric  wave- 
guide placed  inside  the  high  pressure  gas  cell  external  to  the  laser 
cavity  with  a positive  lens  used  to  couple  the  pump  radiation  into  the 
leaky  waveguide,  and  (3)  a methane  las  cell  with  optics  (ilaced  inside 
the  laser  cavity  formed  by  two  flat  mirrors.  The  presentation  and 
interpretation  of  the  results  of  these  experiments  and  their  appli- 
cation to  the  design  of  a 1.54um  coherent  source  for  use  as  a 
rangefinuer  constitute  the  essence  of  tfiis  report. 

Ex[ieriments  wf  re  perfoiried  with  a repetitively  Q-switched 
Nd;YAG  laser  manufac tured  bv  International  Laser  Systems  (Model  NT114) 
as  the  optical  pump  after  some  remodeling.  During  the  course  of  our 
experimentation,  twi  distinct,  stable  regimes  of  energy  conversion 
through  stimulated  f-aman  scattering  were  reproducibly  observed  tiy 
merely  fine  tuning  the  laser  output  mirror.  During  this  adjustment 
the  only  observable  effect  in  the  output  pulse  was  a slight  change  in 
the  pulse  risetime  with  no  change  in  peak  power  as  monitored  in  the 
current  output  of  a biplanar  vacuum  photodiode  of  two  inches  diameder. 
In  the  regime  of  lower  Ranan  conversion,  it  was  found  that  a 
significant  fraction  of  the  pump  beam  was  bacl scattered  fron  the 
interaction  volume;  by  fine  tuning  the  laser  output  mirror,  ttie  pe  ik 
power  in  the  Raman  shifted  beam  was  increased  bv  a factor  4 to  5 i-  th 
little  01  no  backscatter  of  either  the  pumf'  or  Raman  shifted  beaii' 
Available  equipment  for  monitoring  Uie  laser  outiiut  did  not  allow  .s 
to  quantify  tiie  detailed  change  in  the  mode  structure  of  th(>  laser  by 
slight  adjustments  in  the  alignment  of  the  output  rirror. 
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II.  STIMULATED  RAMAN  SCATTERING  IN  METHANE 

EXTERNAL  TO  LASER  CAVITY 

A high  pressure  cell  external  to  the  laser  cavity  was  used  in 
our  first  Raman  experiment.  A 30  cm  long  stainless  steel  high 
pressure  cell  with  half  inch  thick  fused  silica  windows  on  each  end 
was  used  to  contain  the  methane  gas.  A pair  of  30  cm  focusing  and 
recollimating  lenses  were  placed  around  the  Raman  cell.  Input  and 
output  powers  were  measured  botli  through  (transmitted)  and  in  front 
of  (backscattered)  the  Raman  cell  with  vacuum  biplanar  photodiodes  of 
two  inches  diameter  as  well  as  fast  silicon  and  germanium  photo- 
diodes. See  Figure  1 for  experimental  layout.  Energy  measurements 
were  also  made  for  the  same  locations  using  tiiermopiles  which 
are  schematically  depicted  in  Figure  2. 

A.  Stokes  Generation  with  Competing  Nonlinear  Effects 

Peak  power  measurements  indicated  a significant  percentage  of 
the  laser  power  backscattered  from  the  interaction  volume  of  the 
Raman  cell;  energy  measurements  at  points  indicated  in  Figure  2 
confirmed  these  observations.  Measurements  were  r.,ade  of  the  pump 
power  at  1.06pm  transmitted  (position  3,  Figure  1)  and  backscattered 
by  the  Raman  cell  (position  2,  Figure  1)  as  the  methane  pressure  was 
varied  from  0 psi  to  1000  psi.  Table  1 shows  a suiiriary  of  these 
measurements  when  30  cm  focusing  and  recollimating  lenses  were  used 
as  well  as  the  Stokes  peak  power  detected  at  position  3 in  Figure  1. 

TABLE  I 

Itemized  values  for  the  peak  powers  in  the  transmitted  and 


backscattered  pump  beam  as  well  as 
for  various  pressures  of  methane, 
to  Figure  1. 

the  peak  Stokes  power 
letector  positions  refer 

tec  tor  Position 
^'""v^^and  Wave- 
Methane  ^'--.Jength 
Pressure 

1 . 06pm 
(Position  3) 
T ransmi tted 
Power  (MW) 

1 . 06pm 
(Position  2) 
Backscattered 
Power  (MW) 

1 . 54pm 
(Position  3) 
Stokes 
Power  (KW) 

0 

3 

.5 

0 

300 

2.6 

.6 

up  to 

0 

400 

2.2 

1.3 

29 

600 

1.5 

1.6 

60 

800 

1 .2 

1.8 

75 

1000 

1.0 

2.1 

90 

Figure  1.  Optical  arrangement  of  energy  sensors  to 
study  energy  in  Raman  cell. 


The  temporal  behavior  of  the  backscattered  pump  power  suggested 
that  a competing  nonlinear  effect  might  be  occurring  in  the  interaction 
volume.  By  examining  the  sequence  of  waveforms  in  Figure  3,  the 
existence  of  a threshold  and  transient  buildup  time  is  suggested.  We 
attributed  this  backscatter  to  stimulated  Brillouin  scattering  (SBS) 
even  though  detailea  experimental  investigation  to  justify  this  con- 
clusion was  not  performed.  For  our  objectives,  this  effect  was 
detrimental  and  therefore  efforts  were  made  to  eliminate  its  occurrence. 
By  delicate  adjustments  to  the  laser  cavity,  the  enhanced  backscatter 
disappeared,  and  with  this  accomplishment  a substantial  increase  in 
Stokes  generation  was  realized.  In  the  next  section  this  regime  of 
operation  is  discussed,  but  for  now  we  present  additional  information 
on  the  features  of  Stimulated  Raman  Scattering  (SRS)  in  the  presence 
of  significant  pump  backscatter.  From  these  measurements  for  fixed 
laser  parameters  it  was  found  that  powers  and  energies  attributed  to 
both  SRS  and  SBS  were  prc^ssure  dependent.  Pressure  threshold  for 
stimulated  Raman  scattering  was  measured  to  be  about  400  psi  of  methane 
for  3.6  MW  pulses  at  1.06Mm  with  20  nsec  pulse  width  (see  Figure  4). 
Pressure  threshold  for  stimulated  Brillouin  scattering  was  also  found 
to  be  about  400  psi  of  methane  for  identical  laser  parameters. 

Figure  b shows  the  peak  backscattered  pump  power  as  a function  of 
pressure.  Near  threshold  the  initiation  of  backscattered  pump  occurs 
later  in  time  than  the  onset  of  Stokes  generation. 
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Figure  b.  Backscattered  pump  power  vs.  methane  pressure 
for  conditions  depicted  in  Figure  1. 


For  methane  pressures  of  1000  psi  toe  photon  conversion  efficiency 
from  1.06pm  to  1.54pn  was  measured  to  be  approximately  14  of  the 
transmitted  pump  photons  in  the  presence  of  siqnificant  backscatter; 
or  referenced  to  empty  cell  pump  transmission  the  conversion 
efficiency  is  about  4.5%.  Conversion  efficiencies  increased  linearly 
with  methane  gas  pressure  from  400  psi  through  1000  psi  as  depicted 
in  Figure  6. 

The  backscattered  1.06pm  radiation  is  effectively  removed  pump 
energy  fra:i  the  interaction  volume  thus  reducing  the  energy  conversion 
by  stimulated  Raman  scattering.  If  the  conversion  of  energy  to  the 
Stokes  beam  is  to  be  inferred  by  monitoring  the  pump  depletion  or 
the  pump  energy  removed  upon  transmission  tfirough  the  Raman  gas,  the 
conclusions  can  be  extremely  misleading.  Thus  in  experiments  of  this 
nature  it  is  imperative  that  all  results  dealing  with  power  and  energy 
be  based  on  actual  measurement  of  the  quantity  in  question  rather  than 
inferring  a result  from  indirect  observation,  Even  with  significant 

bcfkSv,aLter , the  power,  energy,  and  transient  behavior  of  the  scattering  ; 

processes  were  quite  reproducible.  The  long  term  deviation  in  the 

amplitude  stability  of  the  Stokes  pulse  was  typically  of  the  order  ' 

5 to  10  percent. 

B.  Stokes  Generation  With  Pump  Backscatter  eliminated 

A second  phase  of  experiments  with  the  Raman  cell  outside  the  \ 

laser  cavity  consisted  of  aligning  the  laser  output  mirror  to 
minimize  the  backscattered  pump  radiation  and  maximize  the  laser  power 
conversion  by  SRS  to  the  first  Stokes  line  at  1.54pm.  Slight  alignment 
of  the  laser  mirrors  did  not  noticeably  change  the  peak  power  of  the 
laser  pulse  or  its  pulse  width;  however,  this  adjustment  procedure 
does  dramatically  affect  the  Stokes  generation  in  the  methane.  With 
very  slight  adjustments  on  the  laser  cavity  alignment,  the  Stokes 
output  power  at  1,54pm  from  methane  at  1400  psi  was  varied  from  zero 
up  to  400  KW  with  no  observable  change  in  the  laser  peak  power 
as  monitored  by  a biplanar  vacuum  photo  diode  (S-1  surface).  The 
400  KW  peak  power  Stokes  pulses  were  found  to  be  stable  in  both 
pulsewidth  and  amplitude.  Measurement  of  the  1.06pm  radiation  through 
the  Raman  cell  clearly  indicated  a large  pump  depletion.  While 
operating  with  maximum  Stokes  peak  power,  energy  measurements  confirmed 
the  absence  of  backscattered  pump  radiation  from  the  interaction 
volume.  The  measured  energy  conversion  efficiencies  for  methane  at 
1500  psi  was  again  about  16%  of  the  transmitted  1.06pm  energy  in  the 
absence  of  SRS  (empty  cell  transmission).  Figure  7 shows  the  depleted 
pump  pulse  and  the  Stokes  pulse  generated  when  57  cm  and  30  cm  focal  J 

length  lenses  were  used  to  tucus  the  pump  into  methane  at  a pressure 
of  1400  psi.  Lnergy  conversion  efficiencies  may  lie  detemiined 
graphically  from  these  waveforms.  Figure  8 shows  the  Stokes  peak  power 
as  a function  of  methane  gas  pressure  for  these  two  different  focusing  ' 

lenses.  The  l.Sipm  energy  measured  by  a thermopile  at  1400  psi  methane  ' 

for  the  two  different  lens  systems  confinns  the  photon  conversion  ' 
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ton  conversion  efficiency  with  respect  to  the  transni 
ip  energy  in  the  presence  of  backscattered  pump  energy 
la/out  of  Mgure  1 as  a function  of  pressure. 


WKBSi 
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1.54/xni 


lens  focal  length  = 57cin 
(30cni  lens  in  Figure  1 
replaced  by  b7cm  lens  with 
needed  adjustment  in 
distances ) 


lens  focal  length  = 30cm 
(as  shown  in  Figure  1) 


Figure  7.  Pulse  waveforms  showing  temporal  behavior  of  the  depleted 
laser  pulse  and  the  generated  focusing  lenses.  Time 
increases  from  left  to  right  and  number  in  the  upper 
right  hand  corner  gives  the  tiiiie  per  division  along  the 
abscissa. 
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efficiencies  calculated  from  the  oscillograms.  The  largest  Stokes 
energies  measured  from  the  methane  Raman  cell  were  0.8  mi  Hi  joules 
per  pulse  for  64  millijoules  purip  input  inergy. 

The  critical  mirror  alignment  for  peaking  the  conversion  of  pump 
energy  to  first  Stokes  radiation  can  be  accomplished  by  using  a Ge 
detector  and  oscilloscope.  By  continuously  monitoring  the  first  Stokes 
output  while  adjusting  the  laser  riirror  the  peak  power  of  the  1.54um 
radiation  is  caused  to  increase  and  decrease  in  amplitude.  If  the 
scope  is  triggered  off  the  Q-switch  trigger,  the  time  delay  between 
the  leading  edges  of  the  pump  pulse  and  the  Stokes  pulse  can  be 
observed.  As  the  output  mirror  is  adjusted  the  laser  and  Raman  pulses 
change  in  time  position  relative  to  the  Q-switch  trigger;  also  the 

relative  time  position  of  the  Stokes  pulse  under  the  pump  pulse  i 

changes.  The  maximum  Stokes  amplitude  always  corresponded  to  the  ! 

adjustment  for  minimum  time  delay  between  the  Q-switch  trigger  and  the 

leading  edge  of  the  Stokes  pulse.  This  adjustment  also  affected  the 

laser  pump  pulse  but  to  a much  lesser  degree.  The  maximum  Stokes 

output  occurred  when  the  rise  time  on  the  laser  pulse  was  shortest 

for  our  laser  system. 
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III.  SRS  IN  CAPILLARY  GLOMETRY 


Efficient  enerqy  conversion  bv  Raman  scatterina  in  the  one  fiicron 
’■  wavelenqth  region  is  hampered  bv  the  wavelennth  dependence  of  Raman 

cross  sections  and  the  limitation  on  interaction  lenqth  due  to  the 
diffraction  of  the  Ltokes  beam  from  the  pump  focal  region.  One 
technique  for  alleviating  this  problem  is  throunh  the  use  of  an  optical 
waveguide  inside  the  high  pressure  Raman  cell  to  extend  the  pump  inter- 
action length  [5].  Hollow  dielectric  waveguides  with  bores  whose 
diameters  are  many  wavelengths  will  support  field  distributions  within 
the  waveguide  which  are  independent  of  wavelength  and  exhibit  low 
; propagation  losses  [6].  This  situation,  in  principle,  leads  to  an 

! indefinite  interaction  length.  Furthermore,  if  SRS  generates  single 

mode  radiation  at  the  Stokes  wavelenqth,  the  Stokes  output  would  be 
diffraction  limited.  Analytical  results  indicate  that  a TEMqo  Gaussian 
spherical  beam  can  be  coupled  to  the  low  loss  Efii]  mode  of  the  hollow 
dielectric  waveguide  with  a small  insertion  loss  [7,8]. 

For  the  practical  application  of  this  technique  to  the  problem  of 
generating  l.S4um  radiation  by  SRS  in  methane  with  a Nd:YAG  source  in 
a compact  geometry,  two  points  require  mention.  In  short  hollow 
dielectric  waveguides,  it  is  not  clear  that  a stable  node  structure 
for  the  fields  can  be  established  in  the  absence  of  feedback 
particularly  if  the  pump  bean  is  multimode  as  was  the  case  with  our 
laser  pump.  If  indeed  the  pump  can  be  inserted  into  the  waveguide 
in  a single  low-loss  mode,  the  energy  conversion  by  SRS  occurs  over  a 
distributed  interaction  length  and  this  feature  wit!  influence  the 
mode  structure  of  the  Stokes  beam.  In  resolvinn  this  point,  consider- 
ation should  also  be  given  to  mode  losses  and  mode  coupling  due  to 
intensity  dependent  propagation  effects  in  the  interaction  volume  of 
the  hollow  dielectric  waveguide. 

Tlie  experimental  results  for  pyrex  capillaries  of  approximate! v 
one  millimeter  bore  were  essentially  the  same  as  those  obtained  in 
Part  II  using  focusing  and  recol limatinq  lenses.  With  a measured 
laser  beam  divergence  of  about  l.S  milliradians  half-angle,  this  level 
of  Stokes  power  is  anticipated  for  calculated  interaction  lengths, 
i.e.,  distance  around  focal  point  wliere  pump  power  density  exceeds 
that  for  SRS  threshold. 

i Peak  laser  powers  of  3. A MW  were  available  as  input  to  the  ■ aman 

I set-up;  however,  with  the  optics,  beamspl i tters , windows,  and  the 

methane  cell  (at  atmospheric  pressure)  in  the  beam,  only  3.1  MU  peak 
powers  were  available  in  the  transmitted  beam.  With  a S7  cm  pnsiiive 
lens  and  a 15  cm  pyrex  capillary  in  the  methane  cell,  84  of  the 
3.1  MW  was  coupled  through  the  hollow  dielectric  waveguide  corresponding 
to  a transmitted  peak  pov/e-'  of  2.6  MW.  All  conversion  efficiencies 
I are  based  on  the  peak  power  and  energy  in  this  transmitted  beam. 

Figures  9 and  10  show  pulse  waveforms  and  present  the  Stokes  peak 
power  as  a function  of  pressure,  respectively. 
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Figure  9.  Waveforms  for  laser  pump  pulse,  depleted  laser  pulse, 
and  Stokes  output  for  a 15  cm  pyrex  capillary  of  Inn 
bore  as  pressure  is  varied.  Time  increases  left  to 
right  and  each  division  along  the  abscissa  represents 
lOns . 


14 


i 


1 


PHOTON  CONVERSION  EFF.  « I07o 


PUMP:  2,6  MW  PEAK  POWER  TRANSMITTED  THROUGH 
CAPILLARY;  PULSEWIDTH  « 25  ns 


STOKES:  PULSEWIDTH  » |7ns 


6.8  mj/puLSE 


S 300 

o 

(L 


METHANE  PRESSURE  psi 


Finurp  1(J.  Ppdk  Stokes  power  vs,  pressure  from  Ibcin  (denoted  Liy 
bold  dots)  and  20cni  (denoted  by  x)  pyrex  capillaries 
of  Inn  bore  diameter,  A 57cm  focal  length  lens  was 
used  to  couple  the  pump  energy  into  the  capillary. 


IV.  SRS  WITH  METHANE  CELL  INTERNAL 

TO  LASER  CAVITY 

A.  Ohio  State  University  Work 

A small  high  pressure  cell  was  used  for  this  experiment.  The 
10  cm  long  Raman  cell  was  pressurized  to  1000  psi  with  methane  and 
placed  inside  the  laser  cavity.  A pair  of  6 cm  focal  length  plano- 
convex lenses  were  placed  around  the  Raman  cell.  Neither  the  focusing 
lenses  nor  the  Raman  cell  windows  were  coated,  which  gives  a single 
pass  power  loss  at  l.OGum  of  about  30%  (8  uncoated  interfaces).  The 
front  reflector  of  the  laser  was  changed  to  98%  reflecting  at  l.OGuni. 
Figure  11  depicts  the  arrangement  of  components  inside  the  laser  cavity. 
Alignment  of  this  cavity  was  extremely  critical  and  was  accomplished  by 
simultaneously  adjusting  the  focusing  lens  spacing  and  the  angle  of 
the  front  reflector.  Alignment  can  be  accomplished  with  a Ge  photo- 
diode and  oscilliscope  or  by  observing  the  second  anti-Stokes  beam 
which  appears  as  a red  ring  radiated  from  the  front  reflector.  It 
should  be  noted  that  the  generation  of  anti-Stokes  is  dependent  on  the 
focal  length  of  the  focusing  optics  and  the  presence  of  Stokes 
generation.  Shorter  focal  length  optics  tend  to  enhance  the  observable 
Raman  power  in  the  anti-Stokes  lines.  With  short  focusing  optics  we 
usually  generate  anti-Stokes  lines  up  to  the  fourth  order;  but  with  long 
focusing  optics,  such  as  the  57  cm  lens  in  Part  II,  generation  of  the 
second  order  anti-Stokes  line  was  a rare  occurrence. 

With  the  Raman  cell  inside  the  laser  cavity  with  high  reflectivity 
1.06um  reflectors  around  the  cavity  (see  Figure  11),  the  energy 
conversion  efficiency  must  be  discussed  in  different  terms  than  Parts  II 
and  III;  however,  the  flashlamp  energy  remained  the  same  as  in  the  two 
previously  discussed  experiments.  The  amount  of  l.OGum  energy  radiated 
from  this  cavity  is  insignificant.  The  peak  power  measurement  at  1.54um 
from  the  laser  output  mirror  was  measured  to  be  300  KW  with  an  8 nsec 
total  pulsewidth  between  half  power  points.  An  egual  amount  of  1.54um 
power  was  also  measured  radiating  from  the  rear  laser  cavity  reflector. 
The  total  energy  radiated  from  the  laser  cavity  was  4.8  mj  per  pulse. 

The  amplitude  stability  of  the  Stokes  beam  was  very  good  for  this  optical 
configuration.  The  exact  pulse  shape,  peak  power,  and  pulsewidth  for 
the  1.54um  radiation  are  dependent  on  the  coupling  between  the  laser 
cavity  and  the  SRS  energy  conversion  configuration  which  serves  as  the 
output  coupling. 

B.  Ft.  Monmouth  Work  on  Raman  Designator 

During  the  course  of  this  study,  a research  program  investigating 
SRS  by  methane  internal  to  the  cavity  of  a Nd‘'’^:YAG  laser  was  conducted 
independently  by  Mr.  William  C.  Beattie  at  Ft.  Monmouth.  In  his 
work  a resonant  cavity  at  1.54um  with  mirrors  of  100%  and  85%  reflec- 
tivities at  the  Stokes  wavelenath  was  placed  inside  the  laser  cavity. 
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When  carefully  aligned  with  a methane  pressure  of  1500  psi,  Stokes  output 
was  measured  to  be  nominally  1 MW  peak  power  with  a pulsewidth  of 
approximately  4 nanoseconds.  Energy  measurements  showed  the  energy  at 
1.54Mm  to  be  5 millijoules  [9]. 

At  Mr.  Beattie's  invitation,  we  visited  his  laboratory  with  our 
detectors;  applying  the  same  techniques  used  to  make  our  measurements, 
we  were  able  to  confirm  his  results  and  cross-reference  experimental 
conclusions.  The  amplitude  stability  of  the  Stokes  power  pulse  from 
this  Raman  designator  was  truly  remarkable. 

The  1.54um  pulse  occurred  on  the  leading  edge  of  the  laser  pulse 
and  actually  reached  its  peak  value  and  cut-off  before  the  laser  power 
pulse  would  temporarily  achieve  its  maximum  value  in  the  absence  of 
SRS.  This  result  suggests  that  the  Raman  cavity  is  overcoupled  to  the 
laser  cavity  and  very  rapidly  converts  the  available  1.06um  energy 
to  Stokes  energy  which  could  reduce  the  pump  power  density  below 
threshold  thus  causing  the  Stokes  beam,  to  cut-off  at  a time  that 
appears  premature.  Another  possible  explanation  or  contributing  factor 
to  this  temporal  behavior  of  the  Stokes  pulse  stems  from  transient 
mode  structure  in  the  laser  cavity  fields  due  to  the  substantial 
energy  conversion;  during  this  transient,  mode  effects  may  cause 
backscatter  much  as  observed  in  external  Raman  cells  (see  Section  I) 
which  substantially  increases  the  losses  inside  the  laser  cavity. 
Experimental  results  that  would  substantiate  or  discredit  either  of 
these  conjectures  or  alternatives  were  not  obtained. 


V. 


Surt-IARY  AND  CONCLUSIONS 


Two  distinct  reciipies  of  energy  i,onversion  have  been  reproducibly 
observed  in  our  study  of  stimulated  Raman  scattering.  In  one  case 
significant  backscatter  of  the  laser  pump  fra"  the  interaction  volume 
occurs;  a study  of  the  temporal  characteristics  of  this  phenomena 
suggests  that  the  backscatter  is  due  to  Brillouin  scattering.  By  very 
slight  adjustment  of  the  laser  output  mirror,  the  backscattered  pump 
energy  could  be  eliminated  and  the  Stokes  peak  power  increased 
substantially.  The  pump  pulse  envelope  was  not  altered  in  a noticeable 
manner  during  this  adjustment,  but  changes  in  the  internal  mode  structure 
of  the  output  beam  had  to  occur  to  bring  about  such  a dramatic  change 
in  the  Stokes  ['ower  level.  We  were  not  able  to  quantitatively  describe 
changes  in  the  laser  beam  quality  with  the  diagnostic  equipment 
available  for  this  v.ork.  It  should  be  noted  that  this  behavior  was 
observed  in  both  th<  focused  beam  and  capillary  geometries  external 
to  the  laser  cavity.  Wher  backscatter  was  observed  the  stability  of 
the  Stokes  peak  power  showed  substantial  fluctuations;  however,  with 
adjustment  to  the  maximum  peak  power  at  the  Stokes  wavelength,  the 
amplitude  stability  of  the  Raman  shifted  beam  closely  approximated  that 
of  the  laser  pump.  The  photon  conversion  efficiency  from  l.Ob'Mm  to 
1.54um  for  both  regimes  was  about  15%  when  referred  to  the  transmitted 
pump  power. 

With  the  Ramar  cell  inside  the  laser  cavitv,  the  amplitude  of 
the  Stokes  beam  (30C  KW  peak  power  at  1.54'Hm  from  each  end  of  the 
laser  cavity)  was  very  stable  with  an  estimated  variance  of  about  5 . 

The  Stokes  energy  per  pulse  was  4.8  millijoules  in  an  8 nanosecond 
' pulse  from  methane  at  1000  psi. 

These  results,  in  conjunction  with  the  work  by  Mr.  Beattie  at 
Ft.  Monmouth,  clearly  establish  tlie  feasibility  of  building  a 1.54um 
rangefinder  or  designator  with  a small,  compact  methane  Raman  cell 
internal  to  the  cavity  of  a Nd'''3:YAG  laser.  Two  aspects  of  this 
problem  need  further  study: 

(a)  The  Ramar  cell  inside  the  laser  cavity  may  be  modeled  as 
a power  dependent  saturable  loss  with  a power  density 
threshold.  This  loss  is  used  as  the  means  for  coupling 
power  out  of  the  laser  cavity  via  the  1.54pm  Stokes  field 
generated  by  stimulated  Raman  scattering  in  methane.  The 
problem  of  maximizing  the  Stokes  energy  for  this  optical 

(configuration  needs  to  be  studied  analytically  and  confirmed 

experimentally.  Eventual  success  in  this  approach  can  be 
' inferred  from  the  current  work. 
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If  a clever  technique  can  be  found  for  shortening  the  laser 
pulse  while  maintaining  the  pump  energy  per  pulse,  a 
substantial  increase  in  Stokes  generation  would  be  realized 
in  both  internal  and  external  Raman  cells.  Examination  of 
the  pulse  shapes  in  Figure  9 shows  that  most  of  the  pump 
energy  is  contained  in  the  base  of  the  pulse  corresponding 
to  power  levels  below  threshold  for  SRS.  Once  Raman 
threshold  is  achieved  the  energy  conversion  from  pump  to 
Stokes  is  very  efficient. 
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